Aims: To identify the specific routes of arsenic contamination in the soil at coal fired industrial area by using Chemical Mass Balance (CMB8).
Tel. +91-9827401081 E-mail: balakrishna2729@gmail.com due to emissions of industries, thermal power stations, vehicular traffic and road infrastructures (1; 7; 21; 28; 14; 15; 4). Heavy metals reaching the soil from different sources remain present in the pedosphere for many years even after removing of the pollution sources and increased amounts of heavy metals in soils of urban areas have been reported by many authors (13; 6; 20) . However, the severity of pollution depends not only on total heavy metal content of the soil, but also on the proportion of their mobile and bioavailable forms, which are generally controlled by the texture and other physicochemical properties of soils (5; 18; 23). Synergistic effects among metallic pollutants may deteriorate the situation. Therefore, to define hazards and to propose treatments and eventually new, more appropriate, utilization of soils in urban areas the speciation, geochemistry and behavior of heavy metals in soil have to be investigated.
Arsenic is one of the oldest poisons in the world and an important global environmental contaminant (25) .
It is a very toxic element to both plants and animals because of its affinity for proteins, lipids, and other cell components (10; 19), causing a number of different cancers, and cardiovascular and neurological effects (19; 22; 11) . This element may become highly concentrated in waters, soils, and sediments when associated with mining and metallurgical activities, or with geothermal systems (25) . In nature, it is usually found in highly reduced chemical forms and is normally associated to metal sulfides. Consequently, arsenic is a natural component of Pb, Cu, Zn, and Au ores (24; 25, 2), and inevitably enters metallurgical processing and is concentrated in the generated residues (22; 3; 13).
The goal of the present study is to evaluate various source routes of arsenic in soil at north India.
MATERIAL AND METHODS:

Study design
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Sampling Design
Soil contaminated sources have been identified using layout map, anthropogenic activity pattern and urban industrial development plan of study area. The identified sources were classified as point, line and regional sources (Tab. 1) (8). Soil collection (1kg/m 2 ) has been done by using space time frame work from September 2010 to June 2011. We have classified entire site as near site (~1km) (receptor 1), near far site (~ 2-2.5km) (receptor 2) and far site (~ 2.5-5km) (receptor 3). The equal amount of soil has been collected vertically at 15cm and 45 cm depth from surface and mix it to obtain 1kg of total soil and then sent to laboratory for analysis, the same process has been done at all receptor sites. The heavily contaminated top soil (due to industrial activities) has been collected at industrial source site (S-1), in case of sampling at paved road (S-5) we collect 1kg of road soil by digging road, we have collected 1kg soil sample from municipal waste dumping source (S-3) and civil construction source (S-4). As far as vehicle exhaust source (S-2) chemical profile concern black smoky depositions in automobile exhaust silencers of diesel fuel based heavy duty trucks and petrol based cars have been collected and scum 
Chemical Analysis:
Soil samples were air dried, sieved to pass a 2 mm mesh and stored in polypropylene bottles. On the samples were determined: pH-H2O (1:2.5 soil:water ratio), organic carbon (26, 12), carbonates (pressure Dietrich-Fruehlingcalcimetermethod, 16), particle-size analysis after ultrasonic treatment at 20 kHz and 75 W for 15 min. Separation of the coarse sand (0.2-2 mm) and clay (<2 mm) fractions was achieved, respectively, by wet sieving and centrifugation.
All collected samples stored at 5·C or less until chemical analysis.The samples were taken for digestion in the Teflon digestion bomb and added nitric acid(HNO 3 ) and hydrogen peroxide(H 2 O 2 ) (3:1). The Teflon bomb was then kept in an electric oven at 60º C for five hour. After five hours Teflon bomb was cooled, content was filtered in a volumetric flask and washed with dilute nitric acid (HNO 3 ). Final volume of the digested sample was made to 25 ml using distilled water. Digested samples and soluble fraction of dust fallout measured during field sampling were analyzed for total As content using inductive coupled plasmaatomic emission spectrophotometer (ICP-AES Version 3.0). Arsenic analysis was carried out at a wavelength of 189.042 nm to avoid spectral and chemical interferences.Calibration of instrument was done using Merck standard ICP solutionof concentration range 0.1-10 ppm.The power used for analysis is 1200W; plasma gas flow rate is 12L/min.
Statistical analysis of Data:
Measurement data of soil samples and particulate arsenic has been documented as geometrical mean and standard deviation of longitudinal measurements of each monitoring site and presented in Table 2 .
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The source profile abundances (mass fraction of chemicals in the emissions from each source type) (Table 2 ) and the receptor concentrations, with appropriate uncertainty estimates, serve as input data to the CMB model. The output consists of the amount contributed by each source type represented by a profile to the total mass and each chemical species (Table 3 Fig. 3 and 4. 
RESULTS AND DISCUSSION:
The soil has been classified as coarse sand, fine sand and clay as per the size of the soil particle and furnished in proportion at receptor site. This may due to the high mineral/metal deposition at R-1 shown high alkali in nature, whereas at R-3 the deposition of heavy metal shown low in concentration and municipal waste dumping (S-3) which contains high TOC causes low alkalinity (16) . Here vehicle exhaust source (S-2) has been taken to assess the source contribution estimation only.
Preliminary assessment using regression analysis
The statistical regression analysis has been performed to evaluation of independent source contribution on dependent receptor sites (08). Industrial sources have shown dominating contribution with 86% of correlation at R-1and this results shown good and high correlation than the study conducted by Balakrishna et.al. (1); whereas vehicle exhaust source (S-2) has been evolved as second highest contributor with 68% of correlation and finally municipal waste source (S-3) has comes out as third highest contributor with 64% of correlation value. The other sources have shown very poor contribution in comparison with these specific sources. This shown the clear picture of the near source dominating contribution on the specific receptor and the other sources has shown the poor contribution due to its far availability in distance.
Source contribution estimation using CMB model
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The results of CMB (27) have shown multiple source contribution at all classified and defined receptor sites. The output file of complete data of CMB model has been used, presented as source contribution estimation of soil contamination and the individual data calculated by CMB model has been used as source contribution of particulate arsenic contamination at particular receptor (3) . It has been found that the local sources has shown dominating effect in soil contamination. S-1 has shown 41% contribution at R-1, S-2 has shown 47% contribution at R-2 and S-3 shown 40% at R-3; whereas S-3 has shown significant contribution in all receptor sites, it may due to the domestic and municipal waste collected from the respective receptor site, which shown its significant contribution at all receptor sites. Arsenic contribution has shown different patron at different receptor site, but industrial source (S-1) has shown significantly dominating contribution at all receptor sites, it has been furnished in figure 4 and the good fit parameters has been shown in table 3. The highest concentration of contribution has been identifide at R-1 with 71%; whereas second highest concentration of contribution has been found at R-2 with 40% contribution and the receptor site R-3 has shown lowest contribution (38%). This contribution pattern has shown the wind participation in pollutant transportation along with the distance. It has been found that about 30% decrease in concentration of arsenic at 2.5km distance, this due to the course particulates which has size bigger than 30 µ settle quickly near to the industry and did not travel till long extent.
CONCLUSION
In conclusion it has been identified that
• local sources and wind speed have shown major contribution in soil contamination as well as in arsenic contamination.
• The coal fired industrial source (S-1), Vehicle exhaust (S-2) and municipal waste (S-3) has been found the dominant sources in soil contamination.
• The results of source apportionment of arsenic in soil contamination has shown that S-1 has evolved as dominant contributor with 71%, 40% and 38% at R-1, R-2 and R-3 respectively. These results have shown 80-90% correlation with the results obtained by the regression analysis.
• The total contribution from S-1, S-2 and S-3 has shown good concentration at R-3 with 81% of total contribution and R-2 shown 80% of contribution whereas receptor site R-1 has shown 73% of contribution only.
• The other sources has also shown significant contribution but due to the high concentration and contribution of the near sources the contribution of the other sources suppressed.
